Background: A circular aortic stapler has been developed to anastomose the open end of the aorta to a size-matched Dacron tube graft in one quick motion and without having to pull sutures through the aortic wall. Methods: A prototype was developed, and its design and function were tested in bench experiments and compared with hand-sewn anastomosis. The basic design of the stapler is a central rod (anvil) surrounded by 10 stapling limbs, which can be closed over the anvil in a full circle, with staples extruded by turning a knob at the back. To test its function, a Dacron tube graft was inserted in the middle of a length of bovine aorta. One side was anastomosed with the stapler and the other hand-sewn in each of 10 experiments. Bovine blood was infused under increasing pressure. Results: It took considerably less time to complete the stapled anastomosis than the hand-sewn side (3 minutes, 46 seconds versus 15 minutes, 42 seconds). Initial leak occurred at low pressures on the hand-sewn side (mean pressure 40 mm Hg) compared with the stapled side (mean pressure 70 mm Hg). In 7 of 10 experiments, the leak became too brisk on the hand-sewn side to sustain pressure, compared with 3 of 10 with stapled anastomoses. The stapling device performed well in all cases except when the bovine aorta was too thick for the staples (two cases) or when there was a missed branch at the anastomotic site (one case). Conclusions: These experi-
Introduction
Surgery for ascending aortic replacement continues to be challenging, particularly in cases of acute type A aortic dissection. The risk of mortality remains high [1, 2] , and postoperative bleeding is a frequent complication [3] , even with many recent advances in aortic surgery [4, 5] . To reduce the time it takes to replace the torn aorta with a Dacron graft and to prevent postoperative bleeding from needle holes, a surgical stapler has been designed to perform this task efficiently, expeditiously, and without the need to pull sutures through diseased aorta. A prototype of the stapler was developed (Synectic Engineering, Milford, CT) and a set of bench experiments performed to validate its effectiveness, as well as to compare it to hand-sewn anastomosis between bovine aorta and a size-matched Dacron graft. The present report describes the design of the circular aortic stapler and the results of the validation experiments performed.
Methods

Description of the Stapler
The stapler is designed with a central rod (anvil), which in the current prototype is made to accept a 30-mm Dacron graft snugly over it. There are 10 stapling limbs, which are situated around the anvil in a complete circle. These can open widely or close over the anvil with the twisting of a knob at the back of the instrument. Each limb has three titanium staples, in two rows, which will fully form to tightly hold together an aorta up to 4 -6-mm in thickness and the Dacron graft (Fig. 1) .
Function of the Stapler
The Dacron graft (30 mm for this prototype) is sleeved over the anvil, so that the edge of the graft matches the edge of the anvil. A #0 silk tie is placed around the Dacron graft over the anvil and tied to secure the graft in place (Fig. 2) . (Fig. 4) . Once closed, further turning the knob will extrude the staples from the stapling limbs into the aorta and the Dacron graft and then turn the ends against the anvil to form their final shape. This results in applying 2 rows of 15 staples each around the entire circumference of the aorta and thus completes an airtight anastomosis (Fig. 5 ). The stapling limbs are reopened by turning the knob counterclockwise. The #0 silk tie is cut and removed, and the anastomosed graft and aorta are gently teased to free up and remove the stapler (Fig. 6 ).
Validating Experiments
An apparatus was constructed on which a bovine aorta could be mounted lengthwise with both ends closed. It was then infused with fluids or blood from one end, and a pressure manometer was connected to the other end. Bovine aortas were obtained from a supplier in Texas along with citrate-phosphate-dextrose (CPD)-preserved bovine blood. A portion of the bovine aorta, usually proximal descending aorta, approximately 20 cm in length and with a diameter of 30 mm, was mounted on the apparatus. Branches were sought and ligated with sutures. The aorta was then divided in the middle, and a 10 -15-cm-long segment of 30-mm Dacron graft was interposed, which required 2 aorta-graft anastomoses. In each of the experiments, one side was anastomosed with the circular stapler and the other was hand-sewn with a 3-0 polypropylene running suture. The entire aorta-graft segment was then filled with bovine blood, with care taken to ensure all air was expelled. Blood was then infused with a pump, and pressure in the aorta-graft segment was increased. Figure 7 shows results from experiment 2, with a pool of blood leaking from the hand-sewn side and only a few drops leaking from the stapled anastomosis. Figure 8 shows similar results from experiment 3.
The following data were recorded for each experiment: (1) length of time (in minutes) it took to complete the stapled versus the hand-sewn anastomosis; (2) the pressure at which the first leak occurred in either of the anastomoses; and (3) the pressure at which the leak became large enough, from either anastomosis, so that the pressure in the aorta could not be raised any further. For the stapler, we also made observations to answer the following questions: (1) Did the stapler perform as it was designed to? (2) Would there be modifications required before the stapler could be used clinically?
Results
The time to perform the stapled anastomosis ranged from 1 minute, 46 seconds to 4 minutes, 30 seconds (mean 3 minutes, 45 seconds). For the handsewn anastomosis, it ranged from 11 minutes, 13 seconds to 20 minutes, 40 seconds (mean 15 minutes, 42 seconds; Table 1) .
The pressure at which any leak appeared in the stapled anastomosis ranged from 36 -135 mm Hg (mean pressure 76.5 mm Hg), and on the hand-sewn side, it ranged from 10 -106 mm Hg (mean 40.6 mm Hg; Table  2 ). In 5 of the 10 hand-sewn anastomoses, the initial leak occurred at a pressure of Ͻ13 mm Hg.
In 7 of the 10 experiments, the leak from the handsewn side became so brisk that pressure could not be raised further. The pressure ranged from 40 -98 mm Hg (mean 70 mm Hg). In the other three experiments, the stapled side leaked briskly and caused the pressure to drop (Table 3) . At the end of the experiments, when we examined the three stapled anastomoses that had leaked, we noted that in two of them, the bovine aorta was unevenly thick in places and measured Ͼ7 mm in thickness, where the staples were not deep enough to penetrate the full thickness, thus causing the leaks. In the third, there was a missed branch; the staples were in the middle of the branch, and the leak was caused at that point.
Discussion
A circular stapler has been designed to anastomose the open aortic end to a size-matched Dacron tube graft. This report describes the device and validates its function during bench experiments. The bench testing showed the stapler to have functioned exactly as designed and intended. It reduced the time to perform the anastomosis significantly compared with the hand-sewn side. Also, in the seven experiments in which the bovine aorta matched the conditions as intended for the stapler, it functioned perfectly, with no leaks. The handsewn side started leaking at low pressures, all from needle holes, and by the time pressure was raised to 100 mm Hg, the leaks had become so brisk that the pressure could not be raised further. To the best of our knowledge, this is the first time a surgical stapler has been designed specifically for anastomosing aorta and Dacron tube graft. A picture from one of the first experiments is shown. A Dacron tube graft is interposed between two ends of a bovine aorta, the left side stapled with the device described in this report and the right side hand-sewn. The aorta-graft is then filled with bovine blood with a syringe loaded onto a pump, and the pressure is gradually increased. The pressure was Ͻ30 mm Hg when this picture was taken, and there was already a pool of leaked blood on the hand-sewn side. This picture is from experiment 3; this time, the stapled side is on the right and the hand-sewn on the left. The pressure inside the aorta-graft was increased to 80 mm Hg, and there was a large pool of bovine blood on the hand-sewn side. There was very little leakage from the stapled side even at this pressure.
Observations
We have made the following observations as a result of this study:
1. The current prototype is made to accept a 30-mm Dacron tube graft. Eventually, multiple sizes of staplers will be made to match the various sizes of Dacron tube grafts used clinically. 2. The current prototype needs to be lengthened so that when working in a deep chest, the hands and the device will be outside the chest, and only the anvil with the surrounding limbs will be lowered into the cavity. This will not alter the basic design. 3. To interpose a tube graft in, for instance, the ascending aorta, two separate Dacron grafts will have to be anastomosed with the stapler, and then the two grafts will be sewn together by hand with a running suture (this would be much easier than sewing the dissected aortic ends and will take just a few minutes). 4. This device is circular and is not usable in cases in which the aorta is biased and not circular.
The basic concept of the stapling device for anastomosing aorta to Dacron tube graft is validated. The pressure at which the initial leak appeared is recorded for stapled and hand-sewn anastomoses for all 10 experiments. Note that in 8 of the 10 experiments, the leak appeared at much lower pressures on the hand-sewn side. In one, it was at the same pressure, and in another, the stapled anastomosis leaked first. This table lists the pressure at which the leak became so brisk that the pressure could not be raised any further. In 7 of 10 cases, it was the hand-sewn side that leaked briskly. In three cases, the stapled side leaked briskly. The causes for the leak in these three stapled cases are listed.
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‫ء‬ Aorta too thick, so the staples could not penetrate through the full thickness. † Staples went through a branch that was missed.
